9 I . The problem of the free oscillations of water in a closed rotating rectangular basin of uniform depth has been solved by G. I. Taylor * in 1920. He first gave a method for dealing with the reflection of a " Kelvin-wave " at the closed end of a rectangular channel and then adapted the method to the solution of the problem of the free oscillations in a closed rectangular basin. The latter problem, in the case where the angular speed of rotation is small, had been solved by Lord Rayleight in 1903, while further details were supplied by him$ in '909, The first part of the present paper is mainly devoted to the more general problem of the forced tides in a rotating rectangular basin, and a method of analysis, slightly different from that used by Taylor, is introduced.
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2. 8, circular and elliptic basins have been given respectively by J. Proudman * and S . Goldstein.? Finally, a comparison is made, for a deep rectangular lake, between the expression for the forced tides derived in 4 and that obtained by the application of " narrow-sea " methods in the longitudinal and transverse directions. It is found that both expressions provide a small " correction " to the equilibrium-form, but that the form of the " correction " differs considerably in the two cases. The conclusion is drawn t h a t the success which has attended various applications of " narrowsea " methods to explain the tidal motions of non-elongated bodies of water is mainly due to the fact that the equilibrium-forms predominate, so that small, though erroneous, forms when superposed on these have little resultant effect. Such an application was given by R. Sterneck $ in 1922 in his discussion on the spring tides of the Black Sea.
The author is indebted to and wishes to thank Professor J. Proudman for advice.
5 2. The notation to be used will include the following :-g the acceleration of gravity, h the depth of the basin, surface of the water, respectively,
x, y the rectangular co-ordinates of a point in the mean horizontal u, v the current-components in the directions of increasing x, y I; the elevation of the water-surface, the equilibrium-form of 5, 5' =,$ -5, (J the speed " of the harmonic constituent considered, w the angular speed of rotation of the basin about the vertical.
On restricting consideration to a single harmonic constituent and using the time-factor eiu', the differential equations, defining the tides in a rotating basin of uniform depth, may be reduced to together with the boundary condition If a be taken to denote a length of the order of the lateral dimensions of the basin, then, introducing f = (r/2w, /3 = u2az/gh, the equations ( 2 . 1 ) and ( 2 . 2 ) may be written
The corresponding expressions for the current-components u, v are
If the basin is sufficiently deep, / 3 will be small. On neglecting /3 the only solution of which is 5' = 0 , i.e. l, = 5, the equilibrium-form.
On retaining the first power of only, we have Tidal Motions in a Rectangular Basin. J 3. For the potential of the disturbing forces we shall take
since this may be made to correspond to any uniform force. Further, from the possibility of rotating the axes through a right-angle, it is seen that consideration can primarily be restricted to the case in which
Now the contribution of
to 'u is everywhere zero, and to u it is given by For convenience in the ensuing analysis, let the basin have sides 2a and r and let axes Oz, Oy be taken as indicated in fig. I. 
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Consider now the expressions
The contribution to u from 5, is given by [,. odd are asymmetrical about the centre of the basin, and in their contnbutions to u the coefficient of cos ry is an even function of x when r is even and an odd function of x when r is odd. It is seen, therefore, that if the symmetrical and asymmetrical elevations are considered separately, it will be sufficient to choose such combinations which will make u = o along x = a, for then necessarily u = o also along x = -a. Further, from (3.1) it may be noted that the forced tides will be asymmetrical. where x = a is t o be substituted in the expressions (3.3) t o (3.6).
writing out for r = 0 , I , 2 , . . ., we have Dr. S. F . Grace, Tidal Oscillations in Rotating 2 . 8, where A(N) has N + I rows and columns, in which
It may be noted that if pa becomes a pure imaginary, the values of 
A, "dd = 4iA-Hence, substituting in (3.8), the following expression for 1; is obtained,
the equilibrium-form. Retaining ~2 and introducing 5' = 5 -5, it may be verified by direct substitution that the expression for 5' satisfies the equations (2.5) and (2.6).
Transferring the origin to the centre of the rectangle and taking now the lengths of the sides to be za and z b (see fig. 2 open across x = a (see fig. I ), it is proposed to obtain an expression for 5 which corresponds to a uniform current Ueiut across z = a.
For this take
and for x = a equate the constant term to -iaU/g and the coefficient of cos ry to zero. will then correspond, omitting the time-factor, to uniform currents +U across x = a and -+U across x = -a .
The elevation
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and for x = a equating the constant term to -iuU/g and the coefficient of cos r y to zero, the elevation obtained will correspond to uniform currents gU across z = 5 a. On approximating for K~ small, it is noted that the order of magnitude of the coefficients l, is such that it may be sufficient in applications to neglect and higher powers. Thus 5 5 . It is proposed in the present section to test the validity of the application of " narrow-sea " methods in two or more directions to account for the tides of non-elongated enclosed seas, and in this connection particular reference is made to a discussion on the spring tides of the Black Sea by Sterneck (Zoc. cit.). He replaced the basin by a rectangular one, having respectively a length and breadth approxi-2. 8, mately equal to the mean length and breadth of the sea and a uniform depth which gave the longest free period of the Black Sea ; he then calculated the forced longitudinal and transverse oscillations on the hypothesis of no rotation and on these superposed oscillations due to the earth's rotation in accordance with the '' narrow-sea " theory. Taking and (5.1) it will be sufficient, on account of asymmetry, to restrict consideration to the quadrant in which o<x<a and o< y< b.
First, the values of [, 5 (corresponding to (4.1)) and 5s (corresponding to (5.1)) are given below at certain points of the quadrant, the timefactor eimc for convenience being omitted. x= a, y = b, 0.063 +0.496i, -0'047 f0'554i.
Hence (5.1) does not differ greatly from (4.1) except near the corners of the rectangle. The difference between the two expressions is, however, seen more clearly by considering separately equilibrium-forms of the types = kx and 4 = ly, where k and 1 are constants. x=o, y = a ,
It is now noted that (5.1) gives the correct value along the axis in the direction of the disturbing force, but the values are more or less in error elsewhere, the degree of error being least, as might be expected, when the disturbing force acts parallel to the longer sides of the rectangle and vice versa ; the degree of error for a square basin is intermediate to these. Hence for deep basins the equilibrium tide predominates, so that both (4.1) and (5.1) are small " corrections " which do not affect greatly the equilibrium-form. The above considerations show, however, that the '' correction " (5. I ) may be considerably in error in certain portions of the basin. It thus appears that the agreement between theory and observation, which was obtained by Sterneck in his discussion on the spring tides of the Black Sea, was mainly due to the fact that the equilibrium-form predominates. In connection with the view that the agreement between Sterneck's results and the observed tides in the Black Sea is mainly due to the fact that the equilibrium tide predominates so that the differences between t,he correct dynamical calculation and that of Sterneck is only seen when t,he equilibrium tide is abstracted, it has been suggested by a referee that this point would be more forcible if figures are given showing the observed differences between the actual and the equilil~riurn tides in the Black Sea.
Tidul Oscilhtions in
Such figures are given in the following table, which coritsiiis the observed amplitudes and phases of the spring tides at the fiye stations for which observations are available, together with the corresponding equiiihrium values and also the differences between the two tides ; the amplitudes are denoted by H and the phases, referred to t'he mean meridian of the basin, by 7'. The observed values are t'aken from Sterneck's last paper on the tides of the Black Sea.*
Obscrved.
1iqiiili)lriuin. l)ifi<ww~e. The comparatively large difference for Odessa is probably due to the fact that this station lies near the inner end of a large shallow bay.
It is of interest to compare the above values with the theoretical values for the spring tides derived by Sterneck in his last paper, where he took into account the form of the basin. He calculated the longitudinal oscillation, using the " narrow-sea " method of step-by-step integration, and then superposed on this two transverse oscillations, one given by the equilibrium theory and the other arising from the effect of the earth's rotation on the longitudinal oscillation. His values, together with their differences from the observed values, are
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Thus Sterneck's values appear to be inferior to those given by the * " Hermonische Analyse und Theorie der Gezeiten des Schwarzen Meeres," equilibrium theory.
Ann. d. Hydr., 54, 289-96, 1926. 
